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REMARKS 

The present application relates to inbred maize line PH94T. Claims 1-36 are pending in 
the present application. Claims 7, 9, 16 and 25-28 have been amended. No new matter has been 
added by way of amendment. Applicant respectfully requests consideration of the claims in 
view of the following remarks. 

Detailed Action 

Applicant acknowledges that because this application is eligible for continued 
examination under 37 C.F.R. § LI 14 and the fee set forth in 37 C.F.R. § 1.17(e) has been timely 
paid, the finality of the previous Office Action has been withdrawn pursuant to 37 C.F.R. § 
1.114. Applicant further acknowledges that Applicant's submission filed on October 13, 2005 
has been entered. 

Claim Objections 

The Examiner objects to claim 16 and suggests "wherein seed is allowed to form 1 ' be 
replaced with -and harvesting seed— for clarification. Applicant has amended the claim as 
suggested by the Examiner, thus alleviating this objection. 

Rejections Under 35 U.S-C. § 112. Second Paragraph 

Claims 13-14, 25-30 and 34 stand rejected under 35 U.S.C. § 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicant regards as the invention. The Examiner states claim 13 is indefinite "for omitting 
essential steps." See Office Action, pp. 2-3. 

Applicant traverses this rejection. Applicant has included "repeating steps (c) and (d) to 
produce backcross progeny plants that comprise the desired trait and comprise at least 95% of 
the alleles of inbred line PH94T at the SSR loci listed in Table 4" in claim 13. Applicant further 
asserts the use of molecular marker profiles by those of ordinary skill in the art in backcrossing is 
also clearty supported by the scientific literature. For example, see Ragot, M. et aL (1995) 
Marker-assisted backcrossing: a practical example, in Techniques et Utilisations des Marqueurs 
Moleculaires (Les Colloques, Vol. 72, pp. 45-56 (attached as Appendix 1), and Openshaw etal., 
(1994) Marker-assisted Selection in Backcross Breeding, Analysis of Molecular Marker Data, 
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pp. 41-43 (attached as Appendix 2). Specifically, Ragot et al states in the first sentence of the 
summary M [t]hat molecular markers allow fast recovery of recurrent parent genotype in 
backcross programs is undisputed/' and, in the first sentence of the introduction, "(b)ackcrossing 
has been a common breeding practice for as long as elite germpla&m has been available," 
Therefore, Applicant has claimed in the manner used by those of ordinary skill in the art to 
characterize backcross conversions- 
Claim 14 is rejected as rejected as indefinite as depending from rejected claim 13. 
Applicant traverses this rejection for the reasons asserted supra. Claim 14 is definite and 
does include the essential method steps of claim 13. 

Regarding claims 25 and 27-30, the Examiner states that the claims "do not incorporate 
all elements of the parent claim 15," specifically that the "plant of parent claim 15 does not 
contain a single locus conversion, a dominant or recessive allele/transgene." See Office Action, 
p. 3. 

Applicant respectfully traverses. Claim 15 specifically claims a maize plant having all 
the physiological and morphological characteristics of inbred line PH94T. Claim 15 
encompasses maize plants having the characteristics of inbred line PH94T. Claims 25 and 27-30 
claim the maize plant of claim 15 with these addi tional limitations, which are not necessarily 
present in the maize plant of claim 15. The presence of these additional limitations does not 
mean that claims 25 and 27-30 do not possess all limitations of claim 15; these claims still 
require a maize plant having the physiological and morphological characteristics of inbred line 
PH94T. Because claims 25 and 27-30 do incorporate all elements of claim 15, they are in 
accordance with the requirements of § 112, second paragraph. 

The Examiner further states that claims 28-30 are indefinite in the "recitation of 'male 
sterility 1 because the plant of parent claim 15, PH94T, is male fertile." See Office Action, p. 3. 

Applicant respectfully traverses. It would be understood by one of ordinary skill in the 
an that the deposited line can be manipulated and made male sterile by methods such as 
backcrossing, as described in the specification. See, e.g., specification, pp. 2-4. "It should be 
understood that the inbred can, through routine manipulation by detasscling, cytoplasmic genes, 
nuclear genes, or other factors, be produced in a male-sterile form." See specification, p. 36, Jl. 
18-20. One of skill in the art also understands that transgenes can be incorporated into the inbred 
line in a similar manner. See specification, pp. 38-48. Male sterile conversions have been made 
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to inbred lines since the 1950's, and transgenic conversions have been made to inbred lines since 
the early 1990's. Both are routinely made, and the language and meaning of these claims axe 
well understood by plant breeders. The primary purpose of the requirement of definiteness of 
claim language is to "ensure that the scope of the claim is clear so the public is informed of the 
boundaries." MPEP § 2173. That objective has been satisfied by claims 28-30. 

Claim 34 is rejected as indefinite in the recitation of "using" without any active method 
steps. See Office Action* p. 3. 

Applicant traverses this rejection. The specification states !, [p]lant breeding techniques 
known in the art and used in a maize plant breeding program include, but are not limited to, 
recurrent selection, backcrossing, pedigree breeding, restriction fragment length polymorphism 
enhanced selection, genetic marker enhanced selection, making double haploids, and 
transformation. Often a combination of these techniques are used." Specification, p. 4, 11. 14-19 
(emphasis added). Therefore, Applicant asserts that one of skill in the art would know the 
meaning of the term "using" in claim 34. 

In light of the above amendments and remarks, Applicant respectfully requests 
reconsideration and withdrawal of the rejections under 35 U.S-C § 112, second paragraph. 

Rejections Under 35 U.S.C. § 112, First Paragraph 

Claims 1-12 remain rejected and claims 17-21, 23, 25-28, 31-32 and 34-36 stand rejected 
under 35 U.S.C. § 1 12, first paragraph, as failing to comply with the written description 
requirement. The Examiner asserts that the claims contain subject matter which was not 
described in the specification in such a way as to reasonably convey to One skilled in the relevant 
art that the inventor, at the time the application was filed, had possession of the claimed 
invention. The Examiner states the rejection is repeated for claims 1-12 and applied to new 
claims 17-21, 23, 25-28, 31-32 and 34-36 for the reasons of record set forth in the Office Action 
of July 13, 2005. See Office Action, p. 3. 

Applicant respectfully traverses this rejection. Applicant reiterates that the written 
description requirement of § 112, first paragraph has been fulfilled by depositing seeds of PH94T 
in a public depository and by referencing the deposit in the specification. See specification, p. 
76, II. 2-28; see also Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 956, 965, 63 U.S.P.Q.2d 
1609, 1613 (Fed. Cir. 2002) (stating that the written description requirement of § 112, f 1 may be 

10 



PAGE 1 1/36 * RCVD AT 4/19/2008 4:26:17 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/9 1 DN1S:2738300 * CSID:5152881^8 * DURATION (mm-«s):11-28 



04/19/06 WED 15:30 FAX 5152881338 



MCKEE V0ORHEES & SEASE 



121012 



fulfilled by depositing material in a public depository, where the deposited material is not 

accessible in writing, and where reference to the deposit is made in the specification). This 

deposit not only describes inbred maize line PH94T but also the hybrid maize plants, plant parts, 

and seeds grown of claims 1-12, 17-21, 23, 25-28, 31-32 and 34-36. In a prior case before the 

Board of Patent Appeals and Interferences, the Board determined that where claims to an inbred 

maize plant satisfied the written description requirement, claims to the Fl hybrid seed and plants 

with the inbred maize plant as a parent also satisfied the written description requirement. See Ex 

parte Carlson (B.P.A-L 2005). The Board therein stated: 

All that is required by the claims is that the hybrid has one parent that is a plant of corn 
variety [inbred]. Since the examiner has indicated that the seed and the plant of the corn 
variety [inbred] are allowable . . . there can be no doubt that the specification provides 
and adequate written description of this corn variety. In addition, the examiner appears to 
recognize (Answer, page 25) that appellant's specification describes an exemplary hybrid 
wherein one parent was a plant of the corn variety [inbred], . . Accordingly, it is unclear 
to this merits panel what additional description is necessary. 

Ex parte Carlson, p. 16. Here, Applicant has done just what the applicant in Ex parte Carlson 
did, that is claim hybrids having one parent that is a plant of an inbred variety. Further, 
Applicant reiterates that the specification contains an example of a hybrid produced by PH94T in 
the application as filed. See specification, pp. 62-67, Tables 3A-3C. Thus, under Ex parte 
Carlson, "it is unclear . . . what additional description is necessary." See Ex parte Carlson, p. 16; 
see also Regents of Univ. of Cal , 1 19 R3d at 1569, 43 US.P.Q.2d at 1406 (stating that an 
Applicant is ,f not required to disclose every species encompassed by their claims even in an 
unpredictable art"). Additionally, claim 15, directed towards a plant having all the 
morphological and physiological traits of PH94T wherein PH94T was deposited with the ATCC, 
is only rejected on obviousness-type double patenting grounds, which, as described infra, has 
been obviated by filing a terminal disclaimer with this amendment. 

Applicant reiterates that each member of the genus of hybrids which has PH94T has a 
parent and which is encompassed by claims 1-12, 17-21, 23, 25-28, 31-32 and 34-36 shares the 
identifying structural feature of the cells and/or chromosomes of inbred line PH94T. An 
Applicant's claims are described where they set forth and define " structural features commonly 
possessed by members of the genus that distinguish them from others." Regents of Univ. ofCaL 
v. Eli Lilly &Co.,l 19 R3d 1559, 1568, 43 U.SP.Q.2d 1398, 1406 (Fed. Cir. 1997) (emphasis 



11 



PAGE 12/36 1 RCVD AT 4/1912006 4:26:17 PM [Eastern Daylight Time] 1 SVR:USPTCKEFXRF-1/9 1 WflS:27383Q0 * CSID: 51 52881 338 * DURATION (mnws):1 1-28 



04/19/06 WED 15:30 FAX 5152381338 



MCKEE VOORHEES & SEASE 



@013 



added). One of skill in the art, utilizing technology well known in the art, could identify any 
member of the claimed genus. 

The Examiner further states that the specification "does not describe the functions (i.e., 
morphological and physiological traits) of the claimed hybrids, and does not correlate the 
functions of the hybrids with the structure of the genetic complement or set of chromosomes 
from PH94T" and that "the claimed hybrids do not have the entire genomic characteristics of 
PH94T, but only one set of chromosomes of PH94T," and therefore the Examiner states that 
"even if one assumes that the SSR profile is a proper way to describe a hybrid, then it will 
require the SSR profiles of both parents to identify the hybrid not just the SSR profile of one of 
the parents." See Office Action, p. 6. 

Applicant respectfully traverses this rejection. Most importantly, Applicant points out 
that the SSR profile of PH94T is sufficient to describe the claimed hybrids, and the Examiner's 
assertion that to describe the claimed hybrids using SSR requires "the SSR profiles of both 
parents" is improper. It is vital to conceptually understand that all Fl hybrid seed produced with 
PH94T will inherit the stable genetics of PH94T. Therefore, knowing the SSR profile of PH94T 
permits the identification of any Fl hybrid produced with PH94T as one parent, as every such 
hybrid will have at least one set of PH94T chromosomes, and is therefore able to be identified 
using the SSR profile of PH94T. Applicant has further described the SSR marker profile in 
Table 4 of the specification. See specification, Table 4, pp. 70-73. Given this information, one 
of ordinary skill in the art could identify any Fl hybrid with PH94T as a parent. Thus, Applicant 
respectfully submits the claimed invention is in accordance with the written description 
guidelines. 

The Examiner states "where the breeding invol ves unknown various non-PH94T parents, 
all Fl hybrids will not receive the same set of chromosomes from each of the parents involved in 
the breeding." See Office Action, p. 7. 

Applicant reiterates that each Fl hybrid which has PH94T as a parent and which is 
encompassed by claims 1-12, 17-21, 23, and 25-28 contain at least one set of chromosomes of 
inbred line PH94T. Thus, these claims set forth "structural features commonly possessed by 
members of the genus that distinguish them from others," as only Fl hybrids with PH94T as a 
parent would have a complete set of PH94T chromosomes. Regents of Univ. ofCaL, 119 F.3d at 
1568, 43 U.S.P.Q.2d at 1406. The claimed Fl hybrids are therefore described in such a way that 
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distinguishes them from other hybrids, which is sufficient to meet the written description 
requirement. See id. 

Further, Applicant has not stated that all Fl hybrids made with PH94T would be pheno- 
typically the same. It is true that genetics correlate with phenotype, and that the more highly 
related two individuals are genetically, the more similar their phenotype is likely to be. It is also 
true that if one desired to produce an Fl hybrid with the characteristics of the Fl hybrids 
disclosed in Table 1 and Tables 3A-3C, one of skill in the art would prefer to utilize PH94T 
rather than spending the time and resources to develop a novel inbred. However, the written 
description requirement does not mandate a description by phenotype. At its foundation, the 
written description requirement serves an evidentiary function of making certain that the 
Applicant is in possession of a specific characteristic that identifies their claimed invention. The 
molecular marker data provided by Applicant in Table 4 serves this purpose. See specification, 
Table 4, pp. 70-73. The other inbred is not the point of patentability, nor is it what is being 
claimed. Rather, the relevant claims are drawn precisely to what is described, an Fl hybrid with 
the identifiable and unique molecular profile of PH94T, 

The Examiner states that new claims 13-14, 21, and 23 are rejected because T, the SSR loci 
listed in Table 4 are not structurally described", and that "step (e) of claim 1 1 fails to describe the 
number of times steps (c) and (d) have to be repeated to produce backcross progeny plants with 
the desired trait and essentially all the morphological and physiological characteristics of the 
inbred." See Office Action, p. 9. 

As an initial matter, it appears that the Examiner inadvertently referenced the incorrect 
claim number in the Office Action. The method claim containing the steps referred to is claim 
13, not claim 11. Assuming this, Applicant respectfully traverses this rejection. Primers for the 
SSR markers listed in Table 4 are publicly available as stated in the present application. 
Applicant respectfully directs the Examiner's attention to page 69, lines 21-25 of the 
specification where it states that "[pjrimers used for the SSRs reported herein are publicly 
available and may be found in the Maize GDB using the World Wide Web prefix followed by 
maizegdb.org (maintained by the USDA Agricultural Research Service), in Sharopova et al 
(Plant Mol. Biol. 48(5-6):463-481), Lee et al (Plant Mol. Biol. 48(5-6); 453-461), or reported 
herein. Some marker information may be available from Paragen." A printout from the maize 
GDB website using bnlgl0l4 as an example has been included with this response as Appendix 3. 
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The printout shows the extent of amount of marker information available on the maize GDB, 
which includes primer sequences and map information. As explained in the specification, primer 
sequences for the public SSR markers listed in Table 4 can be easily obtained through the world 
wide web. See specification, p. 69, L 21-p. 70, 1. 3 (describing the Maize GDB). 

Further, Applicant asserts that the alleles of inbred line PH94T disclosed in the SSR 
profile of Table 4 is an identifying physical characteristic that describes the genus of minor 
variance of inbred line PH94T. The SSR profile of PH94T is disclosed for numerous markers 
distributed throughout the genome as indicated by the Bin number of the marker, which denotes 
the marker location, A plant comprising 95% of the alleles of PH94T as disclosed in Table 4 
would be produced, for example, by repeated backcrossing to PH94T. A backcross conversion 
of PH94T as claimed in the instant application is described as comprising 95% of the alleles 
disclosed in Table 4. See specification, Table 4, pp. 70-73. 

It is undisputed that fingerprinting with molecular markers is widely used for 
characterizing germplasm. Specifically, SSR profiles are known and can be practiced by one of 
ordinary skill in the art in maize breeding. One of ordinary skill has been enabled by the deposit 
to make and use minor variants of inbred corn line PH94T, and one of ordinary skill in the art 
uses SSR markers to characterize backcross conversions of an inbred. Applicant has claimed in 
the manner used by those of ordinary skill in the art to characterize backcross conversions. 

Regarding the failure of step (e) to describe the number of times steps (c) and (d) are 
repeated, Applicant refers to the response to Examiner's similar rejection under 35 U.S.C. § 112, 
second paragraph, supra. For similar reasons, step (e) of these claims is adequately described. 

The Examiner states that new claims 25-27 are rejected because "the claims do not place 
any limitation on the traits conferred or affected by the single locus conversion," and that the 
claims "broadly encompass single loci that have not been discovered or isolated" See Office 
Action, p. 10. The Examiner also states that claims 28-30 are included in the rejection because 
the specification "provides no description of any plant produced by classical breeding methods 
such as backcrossing or recurrent selection," that no "individual genes conferring the desired 
traits have been characterized," and the relevant genes as claimed have not been isolated See 
Office Action, p. 10. 

Applicant respectfully traverses this rejection. The relevant claimed subject matter in 
claims 25-27 is the plant of claim 15 comprising a transgene or gene conversion. The 
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specification teaches multiple ways of introgressing or transforming a maize plant with various 
genes which confer advantageous traits desired in the plant. See specification, pp. 38^0. The 
specification also teaches many transgenes that could be inserted into the plant of claim 15. See 
specification, pp. 40-48. Applicant further notes that the claims are specifically drawn to a single 
gene conversion, and that phenotypes resulting from multigenic interactions are not the subject 
matter of these claims. For example, numerous exemplary transgenes for improved nutritional 
quality are taught on pages 47-48 of the specification. There are many examples of single gene 
conversions which affect nutritional quality, see for example, as taught in the specification 
transforming a plant with an antisense gene of stearoyl-ACP desaturase to increase stearic acid 
content of the plant, see page 46, 1. 31-p. 47, 1. 3, introduction of a phytase-encoding gene that 
would enhance breakdown of phytate, adding more free phosphate to the transformed plant, see 
page 47, 11. 4-8. In addition, see U.S. Patent No. 5,936,145, issued August 10, 1999, which is 
prior to the filing date of the instant application. Claim 39 reads as follows: u [t]he single gene 
conversion of the corn plant of claim 29, where the gene confers enhanced yield stability." Thus, 
a single gene that confers enhanced yield stability was known in the art prior to the filing date of 
the instant application. One of skill in the art would recognize that it is common to transform a 
maize plant with various genes in order to confer desired traits to the maize plant 

The Examiner further states that claims 31-32 are included in the rejection "because the 
claims read on a method for crossing PH94T with a multitude of non-exemplified breeding 
partners which have not been characterized either morphologically or genetically." See Office 
Action, p. 10. Claims 34-36 are likewise rejected "because the claims require the use of a 
multitude of non-exemplified molecular markers." See Office Action, p. 11. 

Applicant respectfully traverses this rejection. Claims 31-32 and 34-36 are directed 
towards methods for producing a maize plant derived from PH94T and developing a maize plant 
in a plant breeding program where the maize plant of claim 15 is used as a source of breeding 
material. The language of claims 31-32 and 34-36 makes clear that the maize plant of claim 15 
must be used as breeding material in the breeding program described by claims 31-32 and 34-36. 

Plant breeding techniques are well known to individuals skilled in the art. The 
Specification describes many of these known techniques. See specification, p. 1,1. 20-p. 8, 1. 8. 
In particular, the specification discusses the role of an inbred maize line in a plant breeding 
program: 
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Plant breeding techniques known in the art and used in a maize plant breeding 
program include, but are not limited to, recurrent selection, backcrossing, 
pedigree breeding, restriction fragment length polymorphism enhanced selection, 
genetic marker enhanced selection, making double haploids, and transformation. 
Often a combination of these techniques are used. The development of maize 
hybrids in a maize plant breeding program requires, in general, the development 
of homozygous inbred lines, the crossing of these lines, and the evaluation of the 
crosses. Maize plant breeding programs combine the genetic backgrounds from 
two or more inbred lines or various other germplasm sources into breeding 
populations from which new inbred lines axe developed by selfing and selection 
of desired phenotypes. The new inbreds are crossed with other inbred lines and 
the hybrids from these crosses are evaluated to determine which of those have 
commercial potential. 

Specification, p< 4, 11. 14-27. 

As the specification makes clear, one of ordinary skill in the art would know how a maize inbred 
line is to be used in a plant breeding program. As taught by the specification, the maize inbred is 
used as a source of germplasm in creating new hybrid lines. It is thus clear from the 
specification, and to one of ordinary skill in the art, how PH94T would be employed in a plant 
breeding program. 

One skilled in the art would thus recognize that Applicant was in possession of the 
invention described in claims 1-12, 17-21, 23, 25-28, 31-32 and 34-36 as of the filing date of the 
application. Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 
rejections under 35 U.S.G § 1 12, first paragraph. 

Double Patenting 

The Examiner rejects claims 15-16 and 22 under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 2 and 24 of U.S. Patent No. 
6,774,290. The Examiner states that although the conflicting claims are identical, they are not 
patentably distinct from each other because the claims in both application and the patent are 
directed to maize plants having all the morphological and physiological characteristics of inbred 
maize line PH94T and parts of said plants. See Office Action, p. 11-12. 

Applicant is herein submitting a Terminal Disclaimer in compliance with 37 C.F.R. § 
1.321(c), which disclaims any term of a patent issuing from this application which would extend 
beyond the term of co-pending U.S. Patent No. 6,774,290. Therefore, Applicant submits that the 
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claims are in proper form for allowance and respectfully requests reconsideration and withdrawal 
of the obviousness-type double patenting rejection. 

Conclusion 

In conclusion, Applicant submits in light of the above amendments and remarks, the 
claims as amended are in a condition for allowance, and reconsideration is respectfully 
requested. If it is felt that it would aid in prosecution, the Examiner is invited to contact the 
undersigned at the number indicated to discuss any outstanding issues. 

Please charge Deposit Account No. 26-0084 the amount of $130.00 for the enclosed 
Terminal Disclaimer and $120.00 for a one month extension of time from March 19, 2006 to 
April 19, 2006, under the provision of 37 C.F.R. § 1.136(a). No other fees or extensions of time 
are believed to be due in connection with this amendment; however, consider this a request for 
any extension inadvertently omitted, and charge any additional fees to Deposit Account No. 
26-0084. 

Reconsideration and allowance is respectfully requested. 



Respectfully submitted, 




LELA A. T. AKRAD, Reg. No. 52,550 
McKEE, VOORHEES & SEASE, P.L.C. 
801 Grand Avenue, Suite 3200 
Des Moines, Iowa 50309-2721 
Phone No: (515)288-3667 
Fax No: (515)288-1338 
CUSTOMER NO: 27142 



- LATA/bja - 



Attorneys of Record 
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Summary 

Tbat molecular matter s allow fast recovery of recurrent parent genotype in bac kcross 
pro^nm h iMidisput*d, Jteariction Fragment Length Polymorphisms (RFLP s) were used 
m maize to tofrogrtti by backertss a traosgenc cuds Cruet. containing pliosphlnoihrkin 
resistance and Insecdcldal protvin genes, from a craro formed parent into an elite inbred line* 
Ai each generation plants carrying the transgene construct wc/e selected based on their 
phosphurathricin resistance, and further characurlzed with RFLP's. Bolh maximum 
recovery of recurrent parent gewHypc and minimum linkage dr*fi were taken into acooum 
for marter-based .selection. Embryo rescue was used to shorten Ecncxation time. Progress 
towards recurrent parent genotype was spectacular. Uv*ts of recurrent parent genotype 
recovery which would normally be observed. In the absence or selection. In the BC* 
generation were obtained ai the BCj generation, about one year after BC, seeds had been 
planted. Besides the evidence already provided by RFLP's. pbenotypic evaluation of the 
backcrou-derivtd ncar-KOgenlc lines will constitute an additional check of the completeness 
or the conversion. 

Introduction 

Backcrossirjg has been a common breeding practice fgr_a3j3£g. a3_cliu_gcfrnp I as m ha s 
been avai lable. It has tniinly been used to Introgress single Mendeilan trails, such as disease 
resistances oT qualiry factors, into eiifc germptasm (Allard I960; HaJbuer and Miranda 
1931), Ooe of the most attractive attributes of backcrossing is tbat it allow* to perform 
targeted racxfificatioDs withoot disrupting the existing overall genetic balance of the 
recurrent parent. 

However, production of fully converted near isogenic lines through classical 
bwc* crossing proeedura ix a lengthy procedure, rf at all possible. Theoretically, a minimum 
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of seven ctasgwflj baekcross getmrations are required to recover marc iharx 99 % or recurrent 
parent genotype, ranting no linkage drag. The aiiractWenass of classical backeros* 
procedures is thercftsm substantially diminished for crops, such as maize {Zen mays L.). 
where the turn-ova- of elite cultivars is very fesr. In addition, full recovery of recurrent 
parent genotype b usually not achieved through classical bsckcrossiag, wliich may revolt in 
deletions agronomic effect*. Murray et cl. (IMg) reported about W% recurrent parent 
genotype rcctivcry in two B^o-emjivalent conversions (A632HC and A632Rp) of the maize 
tine A<&2. The conversions bad retained respectively 4 and 7 donor fragments In addition to 
die one tarrying the gene of interest. 

Reduction in foe number of backcroas generations needed to obtain folly converted 
individuals has been shown theoretically, or from simulations, to be achievable through the 
u« of molecular marker* (Jutotey * a/. IPS* Hospital * at, 1991; Jarboe et al. 1 99+). 
Because they provide thorough charactefiz&lion of the genetic variability At each baekcross 
gencrauen, markers allow to take fell advantage of this variability by applying me highest 
possible selection intensity. 

Efficiency of warto- assisted backer OssWg was investigated through an experiment 
aimed at innogrcssing a single genetic factor (a trans gene construct) from a donor into a 
recipient maize line. 

Material* and methods 
Plant Material 

A bemizygotu transgenic maize line of Lancaster origin was used as donor parens to 
incrog/es* Its transgenA construct, through repeated badecrossing, into a recipient par cot 
from the Stiff Stalk gcnnplasm group. Both parents are proprietary elite Hues, The 
(fansgww constmct carries both a. phnsphinothricui resistance gene and synthetic genes 
encoding the erwmotoxte fragment of me Cryf Af» BeciUus thurin&icnsLi protein (Koziel e< 
at. 1993). Transformation was achieved through mictoprojcctUe pom hard mem (Kcniel ct 
ai. 1993) and resulted in a single insertion (Bt locus), on chromosome I (Figure 1). 

Baekcross protocol 

The Fl pro$euy of the cross Between the donor and the recipient was screened for the 
presence of the trans cone construct by applying Baste, a phosphlnoraricin-bascd herbicide, 
onto each plant. Rcabt&At individuals were then used 10 generate BCj progeny. 

For each bactooss generation, except the BC 4> individuals were planted in multipots 
and sprayed with Basta to eliminate those which did not carry the trans gene coostruct. To 
avoid (he stress resulting from treatment with BasU, BC4 plants carrying (he transgene 
construct were identified using Southern blob probed with the pat and Br genes. Resistant 
plants were transplanted in an op soil greenhouse and leaf-sampled for molecular marker 
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inaiyses. Result, of marker analyses were made avaifabk at the laic* two *eeki after 
Howerififc. a singje plant was selected, of which all b^tooss^rived embryos were 
nseutd and trarrffcrrtd onto tissue cuUore medlom, Plan** thai developed from these 
.rnbryos first underwent a grecriieuie acclimation phase, wbUe still Rowing on tasuc 
culture medmm, before being transpianted into multlpots. Bukrai cycle, luted, on 
average four month*. 

Molecular ntariwr analyse* 
Ration Fragtoent 1*3* Polymorphism* (RfU"») ^ » 
g^vpo ia all four B*««<b*. RFLP detection involved mthrr rad.oaetive or 
ctem Jun.toa.xrt technique. For the BC, generation. 6> *arke™«ajmie co»bu*M»s 
were chosen torn a»oag Ihose wealing polymoiphlsn, between donor and txciplenr. They 
provided cevewge of d>o entire woomc. defining intervals of 25 cM In we. and 
contaioed two loci tightly linked » the B: lo=^ CG320 and CQ415. respectively 5 and 16 
recombination units away (Figo* I), for subsequent generations, markers analysed In (he 
BC 0+ , ^notation comprised bo* tb«c «br which the .elected BC. plant was tae«Wrti. 
or tighdy linked one. and additional oncJ located in chromosomal segments (or which Ino 
selected BC. plant wa* hetcroaygoM (Table t). Market map positions were obtained from 
independent reference popuhtio* add confirmed by analysis of segregation in the BC, 
generation. 

Selection procedure 
Ai each generation plants were tanked based both on tbe percentage of homozygous 
recurrem-pareni-genntype and a. the extent of linkage drag around tbe Bt locus, in an 
attempt to integrate both criteria. Plants for which two or mote adjacent ***** had 
missing values were nor Included in the analyses. Sueasa or failure of tbe polhaaboes also 
contributed to tbe selection proeedua. One single plant was sealed at each generations the 
best ranking one of those for whkb a bairross progeny of fire 100 or more (50 or more 
for the BCj selection) was svaWbh- 

Results and discussion 

Selection for the gena of Intereat 
The obstwed segregation ratios for phosphinothricin resistance (Table 1> were not 
signlfleandy cufftrent <p<0.OS)fr D m the capped lit, as shown by Chi-square test*. 

Recurrent parent gonorype recovery 
Statistics for the genotyped plants are ST.mmariaod in Table 1. Calculations were 
performed taking the whole genome into account, including tbe Bt loco*. The -perfect' 
backcrosstlrrived plant therefore counts one heterarygous chromosome segment, thai 
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comprising tha Bt locus. It also displays 99.36% of homozygous reoimM-pansnt-gcnotype. 
The remaining 6.64% correspond* to the avenge relative length of the chromosome 
segment centAinlng the AM ecus, which depends on the two fi inking markers chosen. 

The mean percentage of hornoiygouj rcoirrcot^cnt-gerttype of the BC, generation 
was slightly lower than die expected 50%. Tills can be explained by linkage drag around the 
£r locus, given thai this percentage wm computed based onJy on plants selected ror 
heterozygosity at the A locus. For all other bacJccross generations ihc mean percentage of 
homozygous recurrent^Btreiit-genoiypc was much higher than what would have been 
observed, should no selection have been done (Figure 2), 

The percentage of homozygous rccurrent^are^t^erton/pe of the selected plant 
(Table I) and Ibe average of (he five largest values (Table 1) were always very simitar to 
one another, and much superior to the population mean value (Figure 2). The percenoge of 
homozygous recwwparen:-genotypc of the selected plant was found only once, in the 
BCj generation, to bo small a oVi the average of the five largest values. This corresponded 
lo the only Anus when the selected plant was not the one with the maximum percentage of 
homozygous reciment-pvcjit-gcnotype. The plan! had been selected because it displayed a 
favorable recombination on one side of the Bt locus (Figure 1). 

The percceUge or homozygous rac*rrent-parem-gendrype of the selected BCj plant 
wis aJmost equal to thai of an utuelected DC$. thai of the selected BC^ was larger than that 
of an unselectcd BC 3 , lha of the selected BCj was barery smaller than dial of an umclccted 
BC^ ( and thai of the selected BC* was equal co that of the 'perfect' backcross-derived 
plant, given the set of markers that was used. Such rates of nxmrent parent genotype 
recovery arc consistent with results of simulation analyse*. Jarboe era/. (1994) who used 
the maize genome as a mode! reported that three backcross generations and 80 markers 
were needed to recover 995 of recurrent parent genotype. 

Number of donor chromosome segments 
The number of hefierozygoos chromosoauJ segments decreased from one backcross 
generaLLorj to the nexL Plants selected at each generation were not necessarily those which 
had the lowest number of heterozygous chrotnosorDai segments CTablc I). However, wfm 
(he set or markers used, 6C3 and DC 4 plants were recovered which contained only one 
bcttrozygaus chromcsomaJ segment: that comprising the St locus. 

Linkage drag 

Linkage drag around the Bt locus wax estimated, relative to the length of chromosome 
I. Its value found 10 lie betweeu 24.0 and 48,4 % ror the selected BC, individual, 
between 17.6 and 34.8* for the selected BCj. between 2.0 and 24.0% for the selected 
BC}. and between 0.0 and 8.4* (respectively 0.0 and 14,5 cM) for the selected BC«. 
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Conclusion 

These results clearly demons tr 
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The two values given for each generation are extreme values of linkage dra R . which 
contort to extreme P*h*M» * crossing-overt in the m^cr^cfined intervals 
nankin* the transfcew construct locus. TWore the true linkage drag value of the selected 
BC 4 » Iike4y to be less than 1.3* of gen*™* Although this mwimort value may 
appear to be somewhat high, reflecting Ad limited se^^n pressure put here on linkage 
on* it is naich tower than what ^vovU be expected *>om classical backeross programs 
(Shun and Zeveu 19S1; Tankslcy ef d. 19BS). Practically, in a study of T™2 comrersions 
nf tomato culfivnrB obtained by a lute nvtpuer of classical backcross cycle*. Your* and 
Tankstey <I9*9> found that the su*s of the irtfroeressed fragments ranged between 4 sod 5 1 
cM, 

Conclusion 

These results clearly demoDStrate that molecular marKers provide important time and 
quality advantages over classical procedures for the production of ncar-isogemc lines 
through backcrosiii* Only four backcrcsa generations were necessary to recover, in less 
dm a year end a half from planting of me BC, s. individuals which appeared to be 
Bcnowteelly fully converted. Nevertheless, it is likely that recovery of recurre« parent 
.cnotype could proceed even t^ter than h\ U* experiment described hereto, should (be 
appropriate protocol and resources (population size, number and position of markers) be 
,i I located* 

Companion of BC,-<kriv«J lines wilfc U» reeurreoi parent for boa morphological 
marten art aeronauts perform*** (bchtini hybrW performance) will be performed .n 
order to confinn the coinpltccncss of the conversion. 
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bnlgl014 (locus) 

This locus is also known by the following names: 

bmc!014 

bngll014 

Type: Probed Site 
Species: Zia"mays ssp- mays 
Linkage Group: 1 
Arm: $ (short arm) 

Map Coordinates: (* indicates the locus is on the backbone) 





Coordinate 


Bin 


A632/rtCSl 1999 
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00 


1-01 


blnsl 


\. 


01 


1.01 


E3NL 2002 1 


41. 


68 


1.01 


Chromatin IBM 2003 1 * 


fi2. 


80 


1.01 


IBM IDP +MMP bd (ver 4) 1 




91 


1,01 


IBM neighbors v.2 1 * 


ie. 


40 


1.01 


IBM1 1 * 


76, 


40 


1.01 


I8M2 1 * 


82. 
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l-Ol 


IBM2 20D4 neighbors X * 


82- 
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1.01 


IBM2 2004 neighbors frame 1 * 
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1.01 


IBM2 FPC0402 genetic neighbors 1 
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IBM2 neighbors 1 * 
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1.01 


IBM2 neighbors Frame 1 * 
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LHRF Gnp2004 1 * 
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Pioneer composite 1999 1 
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70 


SSR Consensus X 


24. 


SO 


1.01 


SSR IBM 1 * 
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1.01 


SSR"TV303xCO159 2002 1 * 
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1.01 


SSRTX303xCOl59 2003 1 * 


22. 


00 


1.01 



SSRs 

p-bnlgl014 (via SSR PCR) 

"Primers and Enzymes: 
Primer/&nzvme 
CACG CTGTTTCAGACAGG AA 
CG CCTGTG ATTG CACTA C AC 



Prqbe 

p-bnlg!014 
p-bnlg!014 



Anchored BACs: (BACs identified to be anchored by probes for this locus): 
b0074A07 h0092DO2 b0138tX4 b0OO8^23 



b0036L14 



b0092DO2 
b0182A10 



b0138tI4 
b0284B14 
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